The fluorescence of tetracaine depends on the micro environment of the molecule and increases with increasing hydrophobicity. The presence of erythrocyte membranes strongly enhances tetracaine fluorescence. The results sup port the view that the alkyl chain and aromatic part of tetra caine is embedded in apolar regions of the lipid or protein phase of the membrane.
In a study concerning the membrane action of anesthetics we observed that the fluorescence of the local anesthetic tetracaine is highly dependent on the polarity of its environment. In phosphate buf fered saline (pH 7.4) tetracaine has an excitation maximum at 315 nm and an emission maximum at 372 nm. In mixtures of buffer (pH 7.4) with organic solvents like ethanol, methanol or dioxane a strong increase of fluorescence, concomitant with a small blue shift of the maximum, was observed when the ratio of organic solvent to water was increased. In 95% ethanol (10 m M Tris-HCl, pH 7.4) the increase is twenty fold as compared with tetracaine in buf fer, and the maximum shifts from 372 to 364 nm. F or each single series of buffer-solvent mixtures the fluorescence was found to increase with increasing hydrophobicity. However, attempts to correlate the fluorescence increase in different solvents with their Z values -an empirical scale for solvent polari ty 1 -were not successful. This may be due to the fact that tetracaine is a tertiary amine, which can be present in a charged or an uncharged form, the ratio being partly dependent on the nature of the solvent. In a medium of given polarity tetracaine fluorescence depends on the pH : In buffer at pH 10 (> 9 5 % tetracaine base) the fluorescence was 30% higher than at pH 7 ( > 95% tetracaine in ionized fo rm ). Fluorescence measurements were used to study the location of the tetracaine molecule in the ery throcyte membrane. Ghosts were prepared from pig erythrocytes according the method of Dodge 2. Ghost proteins were obtained by removal of the lipids from the ghosts by the butanol-extraction method of R eg a3, followed by extensive dialysis to remove the butanol. The lipids of the membrane were iso lated according to the procedure of De Gier and V an D eenen4. The lipids were converted into lipo somes by sonicating them for 15 min, under a nitro gen atmosphere and in ice, in 15 mOsm phosphate buffer (pH 7 .4 ). The addition of ghosts to a tetra caine solution results in a strong increase of fluores cence (see T able). The presence of 5 x 10-3 m Ca, which is known to displace the membrane-bound tetracaine 5~7, results in a strong diminution of the fluorescence increase. Both isolated ghost protein and liposomes of ghost lipids added to a tetracaine solution in corresponding quantities caused an in crease in fluorescence, but to a lesser degree than with ghosts.
The binding percentage of 2 x 1 0~5 m tetracaine to ghosts (240 jug protein per ml) was 19 + 2%. About the same percentage was found for binding to isolated ghost protein and liposomes in cor responding concentrations: 20 + 2% for binding to ghost protein and 19 + 2% for binding to liposomes. The observed increase in fluorescence is due to the tetracaine molecules which are bound. The results suggest that in the intact membrane a part of the tetracaine molecule is in an apolar region of the membrane. The same applies also to the isolated membrane components, but to a much lesser degree. This supports previous findings that a change in binding pattern may result from disruption of the interaction between the protein and lipid phase in the intact m embrane 8.
Feinstein9 investigated the reaction of tetracaine with phosphatidylserine, an im portant membrane component as regards drug a c tio n 10. This author found that a 1 : 2 m olar complex was formed by these compounds. He suggested that the interaction of tetracaine with anionic phospholipids may be based on a two point electrostatic attachment of the two electropositive centers existing in the tetracaine molecule to the negatively charged phosphate groups of two phospholipid molecules. One of the two is the positively charged alkylamine nitrogen, the other is the arom atic amino group which derives a partly positive charge from mesomeric effects. Accordingly the chromophoric part of the tetracaine molecule resides in the polar region of the bilayer. Our re sults suggest an apolar environm ent; a two-point attachment may not be present in the intact erythro cyte membrane. The results do not conflict with the presence of tetracaine as a free base in the membrane, but several investigators have shown that it is more probable that tetracaine exists in the membrane in its charged form n~13. It seems there fore likely that in the membrane the tetracaine mole
